This paper reports on two methods that achieve a reduction in the power consumption of a stepping motor for driving the hands of wristwatches. The first of these methods involves the enhancement of the magnetic bonding between the rotor, comprised of a dipolar permanent magnet, and the stator. The gap between the rotor and the stator has been narrowed for this purpose. The second of these methods involves suppressing the increase of the detent torque, which occurs in association with the former method. The portion of the stator that generates this detent torque has been thinned on both sides to adjust the thickness for the same reason.
Introduction
shows a plane diagram (a) and a cross-sectional diagram (b) of the stepping motor mounted on a wristwatch, manufactured by Company A (hereinafter referred to as the "Stepping Motor A"). The Stepping Motor A is comprised of a rotor hole, as well as a stator, with two notches of the radius r in the proximity of the rotor hole, a coil, as well as a rotor that is made of a permanent magnet with two poles. The Stepping Motor A is a motor for driving the hands of the wristwatch through a stepped motion. Such a device has already been reduced in size and the power consumption has also been lowered through manufacturing technologies.
Furthermore, there is also a report (1) by this author regarding an attempt at reducing the power consumption of the stepping motor by reducing the gap between the rotor and the stator, reducing the thickness of the stator on one side and adjusting this thickness, in a portion that generates detent torque.
Method

Structure of New Stepping Motor
This structure of the stator, however, causes the rotor to be misaligned from the center of the thickness of the stator and stop, which means that the permanent magnet of the rotor cannot supply sufficient magnetic flux to the stator. If a stator with a structure that can overcome this issue becomes available, then it would be possible to sufficiently draw out the capacity of the permanent magnet used for the rotor and thereby further reductions to the power consumption could be expected.
This paper reports on a reduction in the power consumption of the stepping motor, achieved by adopting a stepping motor comprised of a stator with a structure that enables it to supply sufficient magnetic flux from the permanent magnet of the rotor, with the rotor staying at the center of the thickness of the stator (hereinafter referred to as the "New Stepping Motor"). A plane diagram (a) and a cross-sectional The New Stepping Motor is comprised of a rotor hole, as well as a stator with two steps e in the proximity of the rotor hole, a coil, as well as a rotor that is made of a permanent magnet with two poles. One feature of the New Stepping Motor is the reduced gap between the rotor and the stator, which is to enhance the magnetic bonding between the rotor made of a permanent magnet with two poles and the stator. The other feature is the thinning down of the stator on both sides in the portion where the detent torque is generated (this portion of the stator is hereinafter referred to as the "Thinned Portion") and further adjusting the thickness. Equalizing the rotor hole diameter a to the diameter of the Thinned Portion at plus step e makes the gap between the rotor and the stator reduce most.
Main Parameters
The main parameters of the Stepping Motor A and the New Stepping Motor are shown in Table 1 . Changes with the numerical values of the main parameters, due to the transition from the Stepping Motor A to the New Stepping Motor, are described next. The rotor hole Reduction of Power Consumption of a Stepping Motor Norio Miyauchi Table 1 . Main Parameters diameter a was reduced from 1800 to 1525 μm, while the diameter of the Thinned Portion at was set to 1450 μm. Both the rotor diameter ρ and the rotor thickness hm remained the same at 1150 and 400 μm, respectively. The step e of 25 μm was adopted with the New Stepping Motor, to accommodate the notch radius of 160 μm of the Stepping Motor A. Furthermore, the thickness of the stator hs remained unchanged at 500 μm, while the thicknesses ts of 25, 37 and 50 μm were adopted for the Thinned Portion of the New Stepping Motor. The rotor and coil of the Stepping Motor A were used for the New Stepping Motor as well.
Results
The experimental method described by this paper is not different from the method described in the previous paper (1), however, the value of the drive current for the stepping motor is this time expressed as a value of electrical current for the driving pulse with a narrower pulse width, until immediately prior to the point where the second hand begins to stop and involves a drive circuit and a coil but excludes a digital circuit. The power source used to drive the stepping motor is a power supply with constant voltage of 1.5 V and the power consumption can be evaluated using the drive current.
The horizontal axis in Figs. 3 and 4 indicates ts of the New Stepping Motor, whereas the vertical axis of these figures indicates the ratio (drive current ratio) of the difference between the one-second average drive current value (I N ) of the New Stepping Motor and the three-sample average value (I A ) of the one-second average drive current value (I A ) of the stepping motor A with respect to value (I A ), as shown by Equation (1) .
The weight is not suspended on the minute hand of the wristwatch and the drive pulse, comprised of six pulses of the same pulse width, is applied to the stepping motor every second. The pulse width of the drive pulse is narrowed until the second hand starts to stop within a one-minute period. Figure 3 shows the drive current ratio immediately before the second hand stops.
The weight is suspended on the minute hand of the wristwatch and the drive pulse, comprised of 18 pulses of the same pulse width, is applied to the stepping motor every second. The pulse width of the drive pulse is narrowed until the second hand begins to stop within a one-minute period. Figure 4 shows the drive current ratio immediately before the second hand stops. Points (a), (b) and (c) represent the cases when the torque resulting from the weight is 2.0, 2.2 and 2.4 × 10 −4 Nm, respectively. The black square, circle and triangle symbols represent the three samples of the drive current ratio for each point at 25, 37 and 50 μm of ts for the New Stepping Motor. Each of these −4 Nm, respectively. The second hand stopped a number of times during a minute when subjected to torque with a weight greater than the pull-out torque, even when drive pulses with a wider width were applied.
In Fig. 3 , the drive current ratio is a negative figure for ts of 25 μm. However, the figures are positive for ts of 50 μm. In  Fig. 4 , however, the figures are negative for ts of 50 μm.
Furthermore, the pull-out torque of the Stepping Motor A driven with the electronic circuit board installed in the wristwatch manufactured by Company A, was 2 × 10 −4 Nm. The reduction in the power consumption with the New Stepping Motor, based on the results of the experiment, can be summarized in the following manner.
Conclusion
The New Stepping Motor, represented by black square plots for ts of 37 μm, indicates the lowest power consumption. The drive current ratio was reduced by about 10% with no load and reduced by about 20% with a load of 2.0 × 10 −4 Nm.
